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In the determination of the free amino groups in 
proteins by the use of 2,4-dinitrofluorobenzene, a 
satisfactory method for isolation and identifica- 
tion of the dinitrophenylamino acids is essential. 
Because the success of the “partition” chromato- 
graphic method described by Sanger is highly de- 
pendent on the batch of silica gel used, a more re- 
producible method was desired. A systematic 
scheme is described for separation and identification 
of sixteen ether-soluble dinitrophenylamino acids 

S T H E  coulge of recent studies oi the structure of proteins a t  I the California Institute of Technology it became necessarj- 
to investigate the sequence of the amino acids in the polypcptide 
chains of certain proteins. .4t t,he time this work was started, 
the only method that had shopn promise of yielding useful infor- 
mation was Sanger’s method for the determination of free amino 
groups b!. the use of 2,4-dinitrofluorobenzene ( 1 5 ) .  In  connec- 
tion with this method he described a scheme for the separation 
and identification of the bright yellow 2,4-dinitrophen!.l (DSP)  
derivat,ives of t.he aniino acids by ”partition” chromatogra1)hy 
on ‘silica gel columns. Sanger (14-16) and ot,her authors ( 2 ,  5 ,  
9, 13)  have made it clear that  the success of this method was 
highly dependent on the batch of silica gel used. In an  attempt 
to  resolve this difficulty Middlebrook (9) and Blackburn ( 2 )  
modified th? method by using phosphate-buffered columns of 
silica gel and reported that variations between different batche? 
of gel were eliminated. 

In  addition to the above methods, a variety of othvr tccliniques 
for the separation of mixtures of 2,~-dinitrophenylaniino acids 
have been described in the literature. Several brief papel’s have 
been puhlidied on the separation of 2,4-dinitrophenyIsilir10 acids 
by paper chiumatography ( I ,  3, 7 ,  101, and a countercurrent 
extraction method for the separation of some 2,-l-dinitrophcii~I- 
amino acids and 2,4--dinitrophenylpeptides has been described 
(24) .  Recently two other “partit,ion”-type methods have been 
described, one of which uses columns of chlorinated ~ u h l ) r ~ ,  (1  1 )  
and the other buffered columns of Celite 545 ( 1 2 ) .  

Workers in another department a t  this institute had atteinptcd 
to  use Sanger’s and Blackburn’s methotis on columns of silica gc.1 
prepared according to the procedure recommerlded by Sangtxr, 
but the results of their experiments had been discouraging. The 
preparation of the silica gel from water glass was laborious and 
the chromatographic properties of thti gel wvre not vc’r?- satis- 
factory. 

Considerable success had been achieved in thew lal~orato~~ies 
with the use of “adsorption” chromatography on coinnic 
silicic acid for the separation of nitrophenyl derivrtives found in 
smokeless powder (19-21 ) and it was t,hought that  this atisortwit 
might be used for the partition methods. Preliminar\- experi- 
ments with the partition method on commercial silicic acid arl- 
sorbent gave results similar to t,hose obtained on the silica gcl 
columns mentioned above. The zones formed on the unhuffr:retl 
columns were broad and “tailed” badly. The differences in the 
rate of movement of t,he various derivatives were not so great as 
those reported by Sanger, so that the separations were poorer. 
On the buffered columns the derivatives moved about one fifth 

1 Present address. Departmpnt of Chemistry, Cniverhity of California, 
Los hngelcs 24, Calif. 

by “adsorption” chromatography on silicic acid- 
Celite. A thorough investigation was made of the 
conditions necessary for obtaining reproducible re- 
sults. The scheme was then testedon twelve batches 
of silicic acid from several sources; nine batches 
were entirely satisfactory without special treatment. 
The results indicate that the scheme is a relatively 
rapid method for isolating and identifying dinitro- 
phenylamino acids and can be used on a wide varietj 
of commercially available samples of silicic acid. 

to one tenth as fast as espectetl. The rate of flow of the devcllop- 
ing solvents was extremely slow, $0 that 10 to 24 hours w e r ~  
required to run each chi,omatograni. 

Because adsorption chromatography on silicic acid-Celite had 
proved to be so useful for the> separation of nitrophen>-1 deriva- 
tives in smokeless powder, it \vas thought that this technique 
might prove useful for thc separation of the 2,4--dinitrophenyl- 
aniino acids. Preliminary experiments indicated that the 2,1- 
dinitrophenyl derivatives wcr(2 I.tther strongly adsorbed on ],re- 
11 ashed silicic acid-Crlite coluniris and formed conipact zones 
which moved at, a reasonable rate when developed with acetic 
acid in petroleum ether (ligroin). The development bthavior of 
the 2,4-dinitropheii!-l:tniiiio acids \ va~  then st,udied with a variety 
of developers and a systematic scheme was devised for the quali- 
tative separat,ion and identificat.ion of sixteen ether-soluble 2,& 
dinitropheriylaniiiio acids. This method, which is described in 
the present paper, has thc advantage of being much faster than 
the partition methods, as the solvents are pulled through the  
column by suction; an entire chromatogram can be run in from 
0.5 t,o 2 hours. Furthermow, feaer chromatograms are required 
for the complete resolution of a misture. When the xhenie was 
tested on tivelvc batches of commercial silicic acid, nine of the 
samples gave satisfactory rerults, although there are alight varia- 
tions in the adsorptivp propertics of the variouk 3amplcs. 

The scheme has alreuly bct,n u*:d succePsfully to determine 
the end group of the protein, I!.?;ozyme ( 6 ) ,  and to analyze some 
peptides found in partial hydrolyzatrs of this protein (f8). 

EXPERIJIENT.4 I, I’ROCEDURES 

2,4-Dinitrophenylamino Acids. The sixteen deriv:itivc.s liqtcd 
in Table I were prepaittf using 2,l-dinitrofluorobenzen(~ i n  a 
manner similar to t,hat described by Sanger for 2,Pdinit rophen!.i- 
phenylalanine (15) .  ;\I1 these derivatives were eventually oh- 
tained as solid products, although, moat of them came out initially 
as oils when the reaction mistur; WLLQ acidified. 

Suitable solvent systc,ms for recustallization were difficult to 
find and most of the samples were studied in the crudr state. 
The crude samples gave only a .;inglq zone or else showed onl>- 
negligible amounts of impurities. The melting point data Eel, the 
derivatives are given in Table I .  

Adsorbents. Except whcre ot.herwise noted, the silicic acid 
used in the chromatographic rsperinlents was hlerck reagent 
silicic acid 40446. The eleven other samples of silicic acid which 
were tested included three ssmplrs of l ierck silicic acid identified 
by code numbers 43243, 42316, arhd 40665; one sample each from 
the General Chemical Co., Sew York; City Chemical Co., S e w  
York; and J. T. Baker Co. (Lot :\-288), Phillipsburg, N. J.: and 
five samples from the l lall inckrdt.  Chemical Works, 8t. Louis. 
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columns of adsorbent after packing were 150 f 5 nim. in height. 
Most of the experiments were carried out in tubes with inside 
diameters of 9 or 14 mm. but tubes 5 mm. in diameter were 
sometimes used for small amounts of the derivatives. The 
amount of 2,4-dinitrophenylamino acid R-hich can be placed on 
the vaiious sizes of tubes is discussed in a later portion of this 
paper. 

The columns were packed in a manner 
similar to  tha t  described by Trueblood and Malmberg (23) .  A 
partial vacuum was maintained by applying the full suction of a 
water aspirator to the system and allowing a sizable leak through 
a stopcock in the line. A small cotton plug was placed on the 
perforated plate a t  the base of the tube, the adsorbent )\as 
poured into the tube until it was filled, and the stopcock was 
then closed so that  the full suction of the aspirator was applied. 
After the column had contracted to a constant height, the top 
surface was carefully smoothed in order to minimize distortion 
of the zones. Extreme care was also exercised in pouring the 
solvents onto the column, so that  the surface was disturbed as 
little as possible. After the colunin had been packed, the suction 
JTas maintained either by continued use of the aspirator or by 
Fhifting to a suction pump maintaining a pressure of 70 to 80 mm. 

Except where otherrise noted, the 
colunins were prewashed by successively passing through the 
column 0.2 V ml. of ether, V ml. of 1 to 1 acetone-ether, 0.8 V 
nil. of ethei , V ml. of ligroin, and V ml. of the developing solvent 
(see Table I1 for definition of V ml.). This procedure, which is 
similar to the “acetone-ether” prewash mentioned by Trueblood 
and lllalniberg (E?), removes essentially all the “free” water 
from the adsorbent and has the effect of decreasing the nidth of 
the zones and rendering the adsorbent more uniform throughout 
the column. However, contrary to the usual observations ( 1 7 )  
with the 2,4-dinitrophenylamino acids the adsorptive strength 
of the adsorbent is decreased rather than increased by the 
prevash. 

PACKIN, OF COLCMTS. 

PREITVSHING PROCEDURE. 

Table I. Melting Point Data on 2,4-Dinitrophenylamino 
-4cids 

Melti? Point ,  8. Recrystallized 
DXP-Amino Acid from 

DNP-DL-alanine 
DNP-DL-aspartic acid 
Di-DXP-L-cystine 
DNP-DL-glutamic acid 
DSP-glycine 
DSP-DL-isoleucine 
D NP-DL-leucine 
Di-DSP-L-lysine 

DSP-DL-methionine 
DSP-DL-phenylalanine 
D SP-L-proline 
DSP-&-serine 
DXP-DL-threonine 

DSP-L-tryptophan 
Di-DNP-L-tyrosine 
D SP-DL-valine 

Acetone-ligroin 
E thy l  acetate-ligroin 
Acetic acid-water 

water 
Ether-ligroin 
Acetone-ligroin 
Ether-ligroin 
Acetone-ligroin 
Acetone-ligroin: 

ether-ligroin 
(Crude product) 
(Crude product) 
Acetone-ligroin 

(195) 196-8 (d) 
(84) 92-98 (d) 
(180) 182.5-183.6 

a Vigures in parentheses indicate point a t  u-liioh some shrinkage of sample 
began; samples appeared to  contract and occasionally a few beads of liquid 
appeared on the surface: t hen  for a short interval before melting no further 
vi*ible change occurred. 

VOLUh4E OF DEVELOPER, V ML.  

Figure 1. Typical Plot of Development Be- 
havior of 2,4-Dinitrophenylamino Acids on 

Prewashed Silicic Acid-Celite 
2.4-Dinitrophenylthreonine developed with 84A-8A-L 

>Io., listed as XAP, RCT-1, SMH-1 ,  SXE-1,  and XXG-1. 
The latter three samples werc: labeled by the manufacturer as 
“specially prepared for chromatographic analysis.” The code 
numbers of the Merck samples are reported to refer to the packing 
date and presumably designate diffrrent production lots. In  
most experiments the silicic acid was thoroughly mixed with 
0.5 part by weight of the filtel~ :lid, Celite 545, a product of the 
Johns-3Ianville Co. The Celite had been passed through a 
60-mesh sieve to  remove large particlw. In a few specified cases 
t,he weight ratio of silicic acid to Crlite n-as increased to 4 to 1. 

Solvents. Reagent grade formic and acetic acids, acetone, 
ethyl acetate, and anhydrous ethrr, C.P. grade benzene, Skelly- 
solve H ligroin (60-70”), and hratheson Co. white label cyclo- 
hexane were used. It is recwnmcnded that all the solvents be 
redistillcd, although this wan not dways done in the experiments 
described. Because water hits a considerable effect on the de- 
velopment behavior of the 2,4-dinitrophenylarnino acids, care 
should be exercised to keep the reagents dry. 

General Chromatographic Procedure. CHROMATOGRAPHIC 
TUBES. All the chromatograms were carried out in borosilicate 
glass chromatographic tubes of the type described by Zechmeister 
and Cholnoky (25) .  The t u b e  &re about 200 mm. long; the 

Table 11. Abbreviations Used 
L = ligroin 

C = cyclohexane 

rib = acetic acid A = acetone 
F = forniic acid E = ethyl acetate B = benzene 

D N d  = 2.4-dinitroaniline 
1‘ nil. = volume of solvent required to wet completely a column of 

adsorbent (17 )  

linear rate of movement of zone 
linear rate of movement of solvent (8 )  R value = 

Abbreviations for amino acids follow Brand’s suggestions (4) 

PLACISG SAMPLE oh- COLUMN. As the last of the prewashing 
solvents passed into the adsorbent, the sample, in about 1 to  3 
ml. of a suitable solvent, was placed on the column and the 
nalls of the tube were rinsed with developing solvent as the last 
of the sample solution passed into the adsorbent. In order to 
minimize distortion of the zones, the columns should never be 
allowed to become dry while the solvents are being passed 
through. For most of the chromatograms in the scheme the 
sample can be placed on the columh in acetone-ligroin. The 
saniple solutions are made up by dissolving the material to be 
chroniatographed in acetone and then adding ligroin until the 
solvent has the desired composition. For the more solub!e 
derivatives 10% by volume of acetone in ligroin (10.4-1,) is 
sufficient, but  foi the least soluble as much as 20% of acetone 
(2OA-L) may be necessary. However, the 2,4dinitrophenyl- 
amino acids are usually more soluble in acetic acid than in 
acetone and where some material precipitates out when ligroin 
is added, it may be necessary to  evaporate off the solvents, take 
the residue u p  in acetone plus a few drops of acetic acid, and 
again add ligroin. In  such cases the sample solvent m u d  not be 
strongrr than the developing solvent to be used and the volume 
must be kept small. 

As the last of the sample solution 
passes into the adsorbent, the TTalls of the tube are washed with 
small amounts of the developing solution. The developer is then 
passed through the column until the zones have reached the 
desired positions. After each V ml. of developing solvent has 
passed into the column, the positions of the zones are recorded. 
h typical plot of the development behavior of the 2,4-dinitro- 
phenylaniino acids is shorn in Figure 1. 

In  this paper the developing solvents are referred to  by a series 
of num~ra ls  and letters which indicate their composition. The 
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numerals refer to volume priccntages and the lettrrs to the com- 
ponent solvents (see Table 11). For example, developer 8.4.4- 
-lA4-L is prepared by placing 8.0 ml. of acetic acid and 4.0 ml. of 
acetone in a graduated cylinder and filling the cylinder to 100.0 
ml. with ligroin. 

The strengths of the developeis for a given gioup of similarly 
ailsorbed derivatives were uwally chosen so that  5 to T T’ ml. 
would move the group to  the lower two thirds of the column- 
that  is, so that  the R values of the deiivatives were about 0.1. 
If stronger developers were used, the zones tended to spread out 
and were poorly separated. 

TREATMEST OF ZOSES ~ F T E R  DEVELOPVEST. \\-henever i t  
was convenient, development was stopped while all the zones 
were still on the column. In  the experiments to determine the 
development behavior of the individual 2,4dinitrophen) lamino 
acids, the adsorbent was extruded from the tube and sliced in 
half axially, and the position of the zone on the axis was meas- 
ured. However, if it was desired to study a zone furthei, the 
column was extruded and the section of the column containing 
the zone \vas cut and eluted with a 1 to 4 mixture of ethanol and 
ether. In  some instances \There it was necessary to wash zones 
off the column, the filtrate was collected in fractions which could 
be prepared for rechromatographing. The solvent \vaq then 
evaporated from the eluates or filtrates under vacuum below 
40” C. and the residue was taken up in a solvent suitable for 
placing i t  on a column. 

Factors Affecting Development Behavior. EFFECT 
OF COMPOSITIOK ASD VOLUME OF SAMPLE SOLYEST. 
The effect of the composition and volume of the samplc 
solvent was determined for 2,4-dinit,rophenylvalinc, 
one of the least strongly adsorbed derivatives, and for 
2,4-dinitrophenylglutamic acid, one of the most 
strongly adsorbed. It was found t,hat if samples were 
placed on the column in acetone-ligroin, the volume 
of solvent was not too critical, but if the sample sol- 
vent was also a good developer-e.g., if it contained 
acetic acid-the volume had to be kept relative]>- 
small to avoid spreading of the zones. 

When 2,4-dinitropheny1valine was placed on 9-mm. 
diameter columns in from 0.5 to  8 ml. of 10‘4-L and 
developed with 4AA-2.4-I2, t,he width of t,he initial 
zone and t’he subsequent development behavior were 
essentially t.he same regardless of the volume of the 
solvent. When samples were placed on t,he colunin 
in 2 ml. or less of 4.4A-2.4-L, the behavior \vas the 
same as with lOA-L, but if the sample volume was in- 
creased above 2 ml., the width of the zone also in- 
creased. In  similar exoeriments in which 2.4-dinitro- 

to be more strongly adsorbed. This fact has been illustrated by  
experiments with various prewashing procedures and by deliher- 
ately adding water to the developers. 

\\-hen a misture of 2,4-di1iitrophenyltryptophan and 2,4-di- 
nitrophenylglycine was developed on a column which had been 
prewashed only n-ith ether followed by ligroin and developer, the 
zone moved t,hrough the upper 25 mm. of the column at the same 
rate as on columns that  had received the acetone-ether prewash 
recommended in this report. However, after the zone left the 
top 25 min., the rate of movement decreased markedly. 2,4- 
Dinitrophenylvaline developed with 4,4.4-2.4-L behaved simi- 
larly. This phenomenon was undoubtedly due to the fact that 
the “free” n-ater had been removed completely i’1~0m onjy the 
top portion of the column. \Then only ligroin and developer 
were used to prewash a column, the rate of movement was slower 
throughout the entire chromatogram. These results are contrarv 
to the usual observat,ion that  the acetone-ether preaashing pro- 
cedure increases the adsorptive strength of the column ( 1 7 ) .  

T o  determine the effect of small amounts of water in the de- 
veloping solvents, 2,4-dinitrophenylserine, 2,4-dinitrophenyl- 
threonine, 2,4-dinitrophenylaspartic acid, and 2,4-dinitrophenyl- 
glutamic acid were developed with 8.4.4-8.4-L whirh had been 
prepared with acetic acid to +hich about 1.0% of water had been 
added. The rate of movement was 25 to 30% less than with dry 
8AA-8.4-L. The derivat’ives of the dicarboxylic amino acids 
were affected more than those of t’he hydroxyamino acids. 2,4- 
Dinitrophenylt,ryptophan developed \vit,h 8-4.4-4.1-L exhibited 
similar effects. It appears probable that  all the 2,i-dinitrophenyl- 
amino acids are affected to some extent by the presence of water. 

Table 111. Relative Order of Adsorption ;iffinities of 2,bDinitro- 
phenplaniino Acids with Various Solvent 

Acetic .kid and 
Acetone in 

Ligroin 
Group I Di-DSP-cystine 

DSP-serine 
DSP-aspartic acid 
Di-D SP-lysine 
DXP-threonine 
Di-DSP-tyrosine 
DSP-glutamic acid 

Group I1 DSP-tryptophan 
DNP-glycine 

Group I11 DSP-proline 
DSP-alanine 
Dinitroaniline 
DIP-methionine 
DSP-phenylalanine 
D 3 P-val i ne 
DNP-isoleucine 
DSP-leucine 
Dinitrophenol 

Group I V  

phenylglutamic acid \<as placed on columns in 20A- 
I, and developed with 8AL4-8A-L, all the zones were es- 
sentially identical, but when this derivative was placed 
011 columns in 5-4.4-B and developed with BAA-B, thP width of 
the zones increased as the sample volume increased. 

Acetic -4cid and 
Ethyl ilcetate in 

Ligroin 
Di-DSP-cystine 
DSP-serine 
Di-DSP-lysine 
DNP-threonine 
DNP-aspai.tic acid 
Di-DSP-tyrosine 
DSP-glutamic acid 
DSP-glycine 
DXP-tryptophan 
DSP-proline 
DSP-alanine 
Dinitroaniline 
DSP-methionine 
DSP-pheny lalanine 
DSP-valine 
DSP-isoleucine 
DXP-leucine 
Dinitrophenol 

Systems 

Acetic .kid in 
Benzene 

Di-D SP-cystine 
DSP-serine 
DSP-threonine 
DSP-aspartic acid 
DSP-glutamic acid * 

Di-D SP-lysine 
Di-DSP-tyrosine 

I-FFECT OF AMOUNT O F  2,~-DISITROPHESYI~a~ISO .kL‘lU. EX- 
periments in which various amounts of 2,4-dinit,rophenglvaline, 
2,4-dinitrophenylglycine, and 2,4-dinitrophenylglutamic: acid 
were placed on the columns showed that there is 1itt)lP visible 
change in the width of the zones and in their behavior over a 
rather wide range. However, the color intensity increases with 
the size of the sample, and better separations are obtained irhen 
t,he columns are not “overloaded.” On the other hand, because 
some of the derivatives give much paler zones than ot.hers, the 
sample must be large enough to be visible. On a 9-mm. diam- 
eter column the samples should contain about 0.1 to 0.5 mg. of 
each derivative to obtain the best results, although as little as 
0.03 mg. can often be detected. On a 5-nim. column, 0.01 mg. 
of the 2,4dinitrophenylamino acids gives good zones, and much 
smaller quantities are still visible. 

The presence of a small amount of watar in 
the system causes at least some of the2,Cdinitrophenylaminoacids 

EFFECT OF \Ir.4TER. 

EFFECT OF RECH~OYATOGRAPHISG. Esperinlenti have bee11 
carried out to  determine whether a given derivative, after being 
chromatographed once, would still have chromatographic proper- 
ties similar to a sample that had not been chromatographed 
previously. Several of the 2,4-dinitrophenylamino acids were 
chromatographed, eluted, and rechromatographed. The rate of 
movement was sometimes decreased slight,ly. 

To determine how the 
behavior of the derivatives would be affected by the hydrolysis 
procedure used in releasing the 2,4-dinitrophen>-lanlino acids from 
2,4-dinitrophenylproteins, a sample of 2,4-dinitrophenylserine 
and 2,4-dinitrophenylthreonine was refluxed for 21 hours with 6 S 
hydrochloric acid. The reaction mixture was cooled and ex- 
tracted four times with 25 nil. of ether. The residue left by the 
evaporation of the combined ether extracts was rhrornatographed 
with 8A4.4-8A4-L and its behavior was compared with that of an 
untreated mixture of the two derivatives. The material Lvhich 
had been “hydrolyzed” moved slightly slower than the untreated 
and gave a small amount of a third zone which behaved like di- 
nitroaniline with this developer but was not investigated further. 

EFFECT OF HYDROLYSIS PROCEDURE. 
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Table 1V. Separation of Pairs of Derivatives in Groups I and I11 
Group I 

Dereloixx 6.4.4-1?.4-1. 8.44-8.4-L 10.4-4-5.4-L 8.4.4-lSE-L 10AA-IOE-L 5-4.4-B 
DNP-ser, - thr  ** ** ** n ** $ 

0 0 0 'r* **  ** DSP-se r ,  -asp 

** 0 0 * * *  DSP-ser ,  -glu 
DSP-ser ,  di-Iys 
DNP-ser, di-tyr x x  s* I* li* ** 

1 * 0 0 n ** 
0 0 x *  **  ** DNP-thr ,  -asp 

D B P - t h r ,  -glu 
U 0 0 0 ** 
0 0 ** 

DNP-thr ,  di-lys 
DNP- th r ,  di-tyr 
DSP-asp ,  -glu r*  0 * 0 

7 C 0 l* 
0 0 0 ** 

0 ** ** :I: * 
DNP-asp, d j l y s  
DSP-asp .  di- tyr  
DNP-glu, di-lys ** 

C 0 C 0 ** 
di-DNP-lyb, -tyr 0 0 ** 0 ** DNP-glu, di-tyr 

Group 111 

l* x *  ** ** **  **  ** 

**  
a* ** **  

.k * 
1 

2.1.4-8.i-l. 4.4.4-4.4-1, 8.4.4-4.4-L 3.4.4-12E-L 3.1.4-5E-L 21.'-8E-L 2.4.4-6.4-C 
0 .+ ** * ** n ** * ** **  ** ** I* 

** 

* r* * ** **  

DSP-pro ,  -ala 
DNP-pro,  -inet 
DNP-pro,  -phe n* ** ** ** **  i* ** 
DNP-pro,  DNA . .  

0 0 0 0 0 ' * 
c * 0 ** ** **  ** 

DNP-ala, -met 
DNP-ala ,  -phe 

0 0 C ** *I 
C 0 0 n ** ** DNP-ala ,  DiYA . .  . .  

D S P - m e t ,  -phe 0 
0 0 0 ** 0 
0 * ** D N P- me t , D X -4 

DSP-phe ,  DN.4 . .  . .  0 0 
. .  

**  = fair to good seliaratinn. o = zones overlap. * = two zones \-isible but  interzone atill colored. c = zones coincide. 
. . = no data .  

CHRO.MATOGR.4I'HIC BEHAVIOR OF 2,4-DINITROPHEiSY L- 
A3lINO ACIDS 

Chromatographic Behavior with Various Developers. Some 
acid such as formic or acetic acid is necessary in order to obtain 
satisfactory zones. Wit,h acetone, ethyl acatate, or propanol in 
ligroin the zones spread down the column but the upper edge 
(lid not move more than a few millimeters from the top. \\-lien 
even a small amount of nitromethane was present in t,he sample 
solvent or developer, narrow, sharply defined zones were obtained 
but all the derivatives moved a t  approximately the same rate. 

Acetic acid in ligroin gave good, compact zones and was a 
satisfactory developer for the less strongly adsorbed 2,i-dinitro- 
phenylamino acids. However, acetic acid is miscible with ligroin 
only in mixtures containing about 6 volume yc or less of the acid 
and t'his niist,ure was not a strong enough developer for many of 
the 2 , ~ - d i n i t 1 ~ o ~ ~ h e n y ~ ~ m i n o  acids studied. By adding acetone or 
ethyl acetatc, as ivell as acetic acid to the ligroin, much stronger 

Group I 

, 
5v 1 7 V  i 6 V  I 7v , 3 5 v  

and niorc versatile tievelopers could be 
prepared. Developclrs containing formic 
acid gave ~ 0 1 1 ~ s  which were even more 
conipact than those obtained with acetic 
acid. However, formic acid is not very 
soluble even Ivhen acetone or ethJ-1 
acetate i p  prrwnt,  90 that it is far 
less useful a,s a component in tle- 
vclopers. 

The prelimina~,y studies with 6.4.1-L 
as developer indicated that certain 
groups of the derivatives have similar 
adsorption affinities and are separable 
from one another. The studies with acetic 
acid and acet,one or ethyl acetate in ligroin 
have shown that with almost any of these 
solvent systems the derivatives fall into the 
same groupings, although some of the de- 
velopers separate the groups more eft'ec- 
tiyely than others. 

The individual members of each group 
wt're studied with developers in which the 
Yolunie of acetic acid was less than, equal 
to, and greater than the volumc of ace- 
tone or ethyl acetate, in order to deter- 
mine how such variations affect the relative 

adsorption affinities of the derivatives. In cases where satisfactory 
separations of some of the derivatives could not be obtained with 
mixtures of acetic acid and acetone or ethyl acetate in ligroin, 
other solvent mixtures were tried. The results of these studies 
are shown in Figure 2. I n  the figure the heavy bars rcpresent 
the final positions of the vaiious derivatives after development 
with the amounts and types of developers given a t  the bottoni 
of each column. Such diagrams give a much clearer picture of the 
relative positions and possible separations than does a table of 
R values. The figure shows how the relative adsorption affinities 
can be altered by merely changing the ratio of acetic acid to 
acetone or ethyl acetate-for example, 2,4-tlinitrophen> laspartic 
and 2,i-dinitrophenylglutamic acids, n hich coincide with 
6.4.4-12.4-L, can be separated \n th  &\A-8.4-I>. Figure 2 also 
shows that the iclative order of adsorption affinity for the 
meinbeis of Groups I and I1 ic  changed when ethyl acetate 
rather than acetone is used in the tlwelolic~r or when acetic acid 

Group II 
i 
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Figure 2. Relative Position of Dinitrophenylamino Acids After Development with T'arious Solvent Systems on 
Prewashed Silicic Acid (Merck 40446)-Celite 
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in benzene is the developer. The relative order of adsorption 
of the 2,4-dinitrophenylarnino acids with several solvent systems 
has been determined from these data and is given in Table 111. 

The members of Groups I11 and I'I' are in the same relative 
order with all the solvent systems that have been tried. The 
relative order of the 2,4dinitrophenyIaniino acids is essentiall>. 
the same as that reported by Sanger (16). 

If the data for two similarly adsorbed derivatives indicatccl 
that separation should be possible, a mist,ure of the two was 
chromatographed to determine how rvell the zones can be sep:t- 
rated. I n  many instances where the plots of the individwtl 
derivatives overlapped slightly, visible interzones were observed 
when a mixture was developed. Although such chromatograms 
may not effect a complete separation, they a r t  useful for p u r p o m  
of identification. The pairs of derivatives which can be sepa- 
rated ivith the various developers are given in Table I\-. 

Mixture of 16 DNP-omino acids 
8 A A-40-c 

I 

of developing solvents the sj.steniatic scheme shown in Figure 3 
has been devised for the isolation and identification of each of 
these derivatives cxcept 2,4-dinitrophenylisoleurine and 2,4-di- 
nitrophenylleucine, which cannot be separated from each other. 
In  general much simpler mixtures of thti 2,i-dinitrophenylamino 
acids are obtained in studies on p r o t h s  and polypeptides, so 
t,hat several steps in the scheme can often bc eliminated. 

Separation into Groups. As indicated in Figure 3, the unknown 
misture t,o be examined is first clcvrloped with 8.4.4-4.1-1, in order 
to separate the misture into groulis. The amount of develop- 
ment required will depend on tht, mixture being ex?mined. If 

rc members of Groups 111 and I\- only, the development 
can be stopped u-hile the zones arc' *till on the column. However, 
if members of Groups I anti 11 are prwent, it is necessary to 
wash sonic of the less strongl;\- ad~orbrt l  zones into the filtrate. 

Figure 4 s h o w  the development hehavior of a mixture of the 
2,4-dinitrophenyIamino acids when 3.5 V nil. of 
8AA-4.4-L are passed through the column and then 
developnient is rontinued with 10AA-5A-L. The 
relative uositions of the derivatives within the 

Grou IE Gro$JZ 7 , 4AA-fA-L , 

I I 

I&* Lm1-j 
Figure 3. Systematic Scheme for Isolation and Identification of 16 
Dinitrophenylamino Acids by Adsorption Chromatography on Silicic 

Acid-Celite 

General Appearance and Behavior of Zones. K i t h  the de- 
velopers containing acetic or formic acid the yellow zones formed 
by the 2,Cdinitrophenylamino acids on the silicic arid-Celite 
coluniiis appear to bc symmetrical with neither bounditrv sharp, 
especially on the outside of the column. Figure 1 s h o w  tho typi- 
cal drvelopment behavior of the 2,1-tiiiiitrophen>-l det,ivatives. 
The  l o w ~ r  edges of the zones usually move a t  a constant rat(,. 
The  upper edges tend t o  movc more slowly during the first 1 to 
2 V ml. of developer than during subsequent dc~vrlopnieiit, when 
the rate of movement becomes constant. 

On many chromatograms the zones appear to be considerably 
broader on the surface of the column than on the inside. Indeed, 
for some poorly separated mistures 8 definite interzone may be 
found when the column is cut open, akhough there was little or 
110 indication of separation on the surface. Do\vn\vard coning 
of the zones on the inside is often observed and occasionally a 
zone is coned upward. As yet no satisfactory remedy has htvn 
found for such surface-spreading and coning phenomriia. 

The zones obtained with ligroiii and cyclohexane developers 
are usually much narrower and more dist,inct than those with 
benzene. 

The derivatives are more strongly adsorbcd on 1 to 1 silicic 
acid-C'e1it.e than on 2 to 1 snd in general the zones are sharper 
and hence the interzones are better. However, more time is 
required to run a 4 to 1 column, so that unless the separation on 
2 to I is very poor, t,he higher ratio mixture has not been used. 

THE SYSTEMATIC SCHEME 

From the results of studies on the development behavior of the 
ether-soluble 2,Cdinitrophenylamino acids with a variety 

groups ark indicated I>>. the heavy vertical bars. If 
only members of Groups 11, 111, and IV are present 
the development can he carried out wit,h 8AA-4A-I, 
alone, but when Group I is present, better separation 
of t,he more strongly adsorbed zones can be achieved 
by increasing the strrngth of the developer as shown. 
In  cases where only a few members of a group are 
present in a mixture, some of the derivatives may be 
separated sufficiently to permit their isolation ar this 
Doint. Incipient separation may often be observed 
between 2,4-dinitrophenyI~:ilirir and the 2,4-dinitro- 
phenylisoleucine and 2,4-dinitrophenylleucine, be- 
tween 2,4-dinitrophenylproline and the other men<- 
bers of Group 111. and between the two members 
of Group 11. ;\fter the development is completed 
and the column has been extruded. it is cut into see- 
tions containing the various groups or zones within 
the groups if the?: are separated sufficiently. The 
sections can then be eluted and prepared for re- 
chromatographing with the appropriate developers. 

Di-(2,4-dinitrophenyI)cystine and Group I. The 
relative positions of the members of Group I and 

of di-(2,4-dinitrophen-l)cystiiir. with several developers are 
shown in Figure 2. Di-(2,4-dinitrophe11yl)cystine is the most 
strongly adsorbed of the sixteen dtsrivativrs studied and can be 
separated readilj- from the otlicsrs. 

Group I is first developed with 5A.4-B to  separat,e its six 
inemtms into four zones. After about 4 V mi. of this developer, 
t'he di-(2,4-dinitrophenyl)tyrosine zone is washed into the filtrat,e. 
After about 7 V ml. most of the di-(2,4dinit8ropheny1)lysine is also 
in the filtrate and two other zones are visible on the column. 
The  loiver zone consists of 2,4-dinitrophenylaspartic and 2,4-di- 
nitrophenylglutamic acids and the upper zone contains 2,4-di- 
nit,rophenylthreonine and 2,4-dinitrophenylserine, which may be 
partially separated. Each of t,he lat,ter two pairs can be resolved 
x i th  8.4'4-8A-L or 10.4.4-5'4-I,. The  zones obtained on columns 
developed with BAA-B are usually broader and the limits are 
more difficult t.o determine t.han n-ith the ligroin or cyclohexane 
developers. Di-( 2,4-dinitrophenyl)tyrosine forms an ext.remely 
faint zone with 5AA-B and may not be detected, so that  it is wise 
t80 save t,he portion of the filtrate which might contain it and 
rechromatopph ,with 8AA4-15E-12 on a smaller column in order 
t o  see rrhet er this derivative ip present, and to identify i t ,  

The identity of the other members of this group can also be 
confirmed by development 4 t h  8.9.2-1 5E-I,. Some 2,1-dinitro- 
phen?-lpeptides and artifact zones adsorb in the same region a3 

Group I, so that caution muqt tw rxercised in thr  identification 
of such zones. 

Group 11. 2,4-Dinitrophr.iiyltr)-ptoph:in and 2,Cdinit,ro- 
phenylglycine can be separated at least partially with all the 
developers containing acetic arid and acetone in ligroin; incipient 
separation can be detected during the separation into groups. 
However, the best separation appears to be obtained with 
2Ah-1OA-L. As Figure 2 indicates, the relative pofiitions of 
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these two derivatives are reversed with developers containing 
ethyl acetate instead of acetone and this fact can be utilized in 
confirming the identification of the zones after they have been 
isolated, even though no separation is possible with the ethyl 
acet,ate developers. 

From an examination of Figure 2 and Table 1 1 7  it 
can be seen that the greatest number of separations in Group I11 
can be obtained with 2F-8E-I,. The only pair of derivatives 
u-hich is not separated is 2,&dinitrophenylalanine and 2,+di- 
nitrophenylmethionine. This pair is estremely difficult to re- 
solve and as yet no developer has been found which gives a 
clean-cut separation. However, 3.i.i-5.4-C or 2.4-4-GA-C gives 
two zones with a slightly colored interzone which is satisfactory 
for qualitative purposes. Better separations seem to be achieved 
on 4 to 1 silicic acid-Cclitc: than on 2 to 1. For confirmation of 
the identity of these two derivatives, the zones can be chromatw 
graphed with 3C.L acetic acid in carbon disulfide, although the 
zones are pale with this developer and there is considerably more 
spreading of the zone on the surface than on the inside, so that 
when such a column is cut, asially, the interzone is oval-shaped. 

The 2,.2-dinitrophcnyIproline derivative gives zones x-hich are 
considerably paler than most of the 2,+dinitrophenyIamino acids 
and might chsily be overlooked if present in small amounts. 

Dinitroanilirie ( D S A ) ,  Lvhich mag be present as an impurity, 
is adsorbed with 2,-i-dinitrophen~~lphen~-lalanine with most of the 
developers, but the two can be separated with 5A.4-5E-L. The 
identities of the zones isolated in Group I11 can be verified by 
their behavior uitli other solvent systems shown in Figure 2. 

Although a v:trictg of developers containing formic 
or acetic acid and ac,rtonc or ethyl acetate in ligroin show quali- 
tative Peperation of 2,~tliiritrophonylvaline from 2,Pdinitro- 
~henylisoleucine and 2,+dini trophenylleucine, most of the inter- 
zon~"s are faintly colored. 

The best interzoni~s have been obtained with 4-4.4-2A-I, on 
4 to 1 silicic acid-Celite. The relative positions of the three 
derivatives with this tieveloper art' shown in Figure 2. ;\I1 the 
derivatives in this group give zones Tvhich are rather pale com- 
pared to most of the derivatives. .ill attempts to resolve mix- 
tures of 2,-i-dinitrophcii~~li~oleucinc. and 2,4-dinitrophenyllcucine 
have failed. 

Because dinitroaniline and 
dinitrophcriol nuiy be encountcwtl as by-products in the prepa- 

of 2,~dinitrophen~-lproteins,  their behayior 
has also been studied with a number of developers used for the 
2,4-dinitrophenylaniino aciils. Dinitroaniline is adsorbed x i th  
Group I11 and is includccl in thc  scheme. Dinitrophenol, n-hich 
gives a nearly colorlcss zone, is considerahlg less strongly ad- 
sorbed than any of t h r  2,-i-tlinitrophenylamino acids and is 
washed off of thc (~olumns after 2 T' ml. or less with all the 
developers used in  the schcmc. Ditiitrofluorobeiizei~~~ is also 
washed off t,he colunin rapidly. 

Identscation of Zones Isolated with Scheme. Diagi,ams like 
that shown iu  Figure 1 have lieen made of the development be- 
havior of the 2,4-dinitroptienylamino acids with all the de- 
velopers used in thcir i~olatiori and identification. Tentative 
identification of the zones i~olated in the scheme is made by com- 
paring the devtblopnient bc,havior.of the unknoxvn with thv plots 
of the known 2,+1linitroplic~1iyla1nino acids under thc same 
conditions. 

There are great enough vhriations in the behavior of the dcriva- 
tives with the different tlevelopers, so that if a zone behaves 
essentially the same as a known 2,4dinitrophenylamino acid 
with several of the developers, its identity can be established 
with considerable certainty. Some confirmatory tests have been 
suggested in the discussion of the various groups. 

The reproducibility of development behavior of the 2,kiinitro- 
phenyl derivatives is satisfactory in general, but several factors 
can cause some deviations from the espected behavior (see section 

Group 111. 

Group IV. 

Dinitroaniline and Dinitrophenol. 

731 

on factors affecting development behavior). There are sometimes 
slight variations in the rate of movement of a given derivative 
when two parallel chromatograms which were run several weeks 
apart are compared. This is probably due to variations in the 
solvent batches or to the fact that  the solvents have picked up 
some water. In  instances whcic the behavior of a zone is similar 
to that of a known 2,4-dinitrophenylamino acid but where there 
are slight variations, the unknown and knoun samples should be 
compared under parallel conditions. 

VOLUME OF DEVELOPER, V ML. 

I O A A - 5 A - L  BAA-  4 A -  L 

Figure 4. Development Behavior of Mixture of 16 Di- 
riitrophenylaniino Acids during Separation into G r o u p  

Ileal? bars indicate relatite w i t i o n s  of individual derivativ- within 
groups 

Tests of Scheme on DBerent Batches of Silicic Acid. In  
order to determine whether the systematic scheme is widely 
applicable on a vanety of samples of silicic acid, the developers 
used in the scheme nere tcsted on twelve batches of commercially 
prepared silicic acid. All the samples were tested with a mikture 
of Groups 11, 111, and IV developed with SA4A-4A-L and with 
Group I1 developed with 2AA-10x1-L. The three samples that 
gave poor results were not investigated further. The remaining 
teitq were not run on all the satisfactory samples but only on a 
fen which represented a cross section of the behavior ob~eivc~d 
in the first two testa In cases where preliminary result* indi- 
cated that the separations wcre rather poor on 2 to  1 silicic acicl- 
Celitc the tests mere also run on 4 to 1 mixtures. 

The various samples of silicic acid were graded on a iclativc 
basis for each separation that was tested. The results of the 
test- are summarized in Table V. 

In  general, samples designated .4 gave excellent sepaiations 
\n ith clear white intRrzones; those designated B gave good sepa- 
rations but the interzones Rere narrower or might be faint]\* 
colored; C indicates that the zones were definitely separated 
but that  the interzones were not so wide or free of color as de- 
sired; those graded D showed either only slight indications of 
incipient separation or some indications of two zones inside the 
column but no visible interzone on the outside; if little or no 
separation was observed or if the zones were extremelv poorly 
formed. the sample was graded F. 
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Table \-. Comparison of Several Commercial Silicic Acids as Adsorbent for Chromato- 
graphic Separation of 2,4-Dinitrophenylamino Acids 

- Sample 
DNP-  DNP-  DNP-  

Groups Group Group -asp, Group -ala. - V a l ,  
11. 111, I V  I1 I -glu 111 -met -leu 

Adsorbent 
Rlerck 40446‘‘ 2 : l h  B -  B -  C’ C B . . .  . . .  

4 : 1  A B R -  B -  B -  

RIerck 43243‘ 2 : 1  R C -  . . .  . . .  . . .  . . .  . . .  
Rlerck 40665” 2 : l  B -  B ’  . . .  . . .  . . .  . . .  . . .  

Rferck 42316 
hfallinckrodt XXE-1 e 

Mallinckrodt XMH-I  

Rlallinckrodt XXG-1 
l la l l inckrodt  XAP 
hlallinckrodt RCT- la  

4 : l  
2 :  1 
“I 
4 : 1  
2 : 1  
4:1  
2 : l  
2 : 1  
2 : l  

F 
B -  

A A - 

D 
R -  

F 
.4 

A -  

B- 
D 
C -  

c 

A - 
. . .  
. . .  

. . .  n L  

C T  

c+  
. . .  :- 
. . .  . . .  
. . .  - 

. . .  . . .  

. . .  
B -  

B -  
. . .  
. . .  
. . .  
. . .  

C 

D 

. . .  

. . .  

. . .  
B t  
B ’  
. . .  
. . .  
. . .  

residues a t  this end of the 
polypeptide chain is Iysyl- 
valyl-phenylalanyl-glycine (18). 
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